Introduction: Many patients with emphysema will develop cystic air spaces in the lung parenchyma known as bullae. Positive pressure ventilation increases the pressure in a bulla and increases the risk of rupture and tension pneumothorax. Therefore, anesthesia management, for surgeries other than lung volume reduction surgery (LVRS), is challenging in these patients. Case Presentation: A 62-year-old male patient was brought to the emergency department due to a fall resulting in head trauma and a leak of CSF from a previous surgical site of a CP (cerebellopontine) angle tumor. The chest CT scan depicted bilateral bullae in the lungs. Anesthesia was induced and maintained with an inhalational method using Sevoflurane and spontaneous mask ventilation. Conclusions: Patients with bilateral bullae could be managed with spontaneous ventilation; one of the safe choices is inhalational induction and maintenance with Sevoflurane.
Introduction
Many patients with emphysema will develop cystic air spaces in the lung parenchyma known as bullae. Bulla formation is due to loss of structural support tissue in the lung causing elastic recoil of surrounding parenchyma (1, 2) . Whenever positive pressure ventilation is used, the pressure in bullae will become positive in relation to the adjacent lung tissue and the bullae will expand with an increased risk of rupture and tension pneumothorax (1) (2) (3) .
Although many studies have been performed regarding the medical or surgical management and anesthetic considerations in the surgical treatment of bullae, known as lung volume reduction surgery (LVRS), there are, however, limited reports about anesthesia management in surgeries other than LVRS in patients with bullous emphysema (2, 4) .
Here we present a case of a patient with bilateral bullae, who was a candidate for craniotomy, which led to the challenge of providing him with induction as well as maintenance anesthesia.
Case Presentation
A 62-year-old male patient was brought to the emergency department with loss of consciousness due to experiencing a fall leading to head trauma, but without any convulsions. The patient had a history of a cerebellopontine (CP) angle tumor resection surgery 12 months prior.
Vital signs included a blood pressure of 120/95 mmHg, a pulse rate of 90 beat/min, a room air SpO 2 of 94% and a respiratory rate of 16 b/min. Echocardiography variables were: normal left ventricle (LV) size, good LV systolic and diastolic function, LV ejection fraction of 55%, no regional wall motion abnormality at rest, mild tricuspid regurgitation, mild aortic insufficiency, mild mitral regurgitation and a pulmonary artery pressure (PAP) of 26 mmHg. All other lab data were normal.
On the third day after intensive care unit (ICU) admission, the patient developed a cerebrospinal fluid (CSF) leak and therefore became a candidate for surgical repair. The leak emerged from his previous surgical site. Both a clinical examination and a computerized tomography (CT) scan did not show any signs of a raised intracranial pressure (ICP).
During the preoperative visit, a chest X-ray (CXR) displayed large emphysematous bullae. A chest CT scan also depicted bilateral bullae in the apical area of the lungs (Figures 1-3 ). The patient did not have a lung infection during the preoperative visit.
Anesthesia
The surgery was planned to be performed in supine position. All the standard monitoring was attached including electrocardiography, non-invasive blood pressure monitoring, end-tidal CO 2 , pulse oximetry, and cerebral state monitoring (CSM) for determining the depth of anesthesia. The challenge for the anesthesia team was induction and maintenance of general anesthesia, and maintaining the airway, while avoiding positive pressure ventilation (PPV) to prevent bullae rupture.
Anesthesia was induced by inhalational method using Sevoflurane via spontaneous mask ventilation. By increasing Sevoflurane and the spontaneous mask ventilation, the depth of anesthesia was gradually increased to an appropriate level. At this point, the patient had a regular spontaneous breathing, fixed pupils at the midline and a CSM of After craniotomy, the site of the CSF leak was covered with a dural patch and the surgical procedure was terminated after the dura and the cranium had been closed. At the end of surgery, Sevoflurane was discontinued and the trachea extubated. The patient was transferred to the ICU and a control CXR was performed. The patient did not develop any pneumothorax during the postoperative period.
Discussion
Different etiologies have been suggested as the probable origin of bullae such as smoking, cocaine abuse, sarcoidosis, Marfan's syndrome, Ehlers-Danlos syndrome, cadmium exposure (5), Marijuana abuse (6), and apnea diving activity during young adult ages (7).
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Bullae are thin-walled air-filled intraparenchymal lung spaces induced by the loss of alveolar structural tissue. Giant bullous emphysema (GBE) refers to bullae greater than 1 cm in diameter. Bullae do not take part in gas exchange and cause hypoxia and dyspnea (8) . In the usual spontaneous ventilation in tidal volume range, bullae are more compliant than normal lung and preferentially fill during spontaneous ventilation. However, beyond the normal tidal volume range, bullae become much less compliant and the intra-bulla pressure rises acutely as airway pressure increases (9) .
During spontaneous ventilation, the intra-bulla pressure is negative with respect to surrounding lung tissue (10) . However, whenever positive pressure is used, the intra-bulla pressure will rise in relation to surrounding lung regions. There is a risk of hyperinflation and rupture whenever positive pressure is used (1-3, 8) . Bulla rupture could be life threatening due to hemodynamic collapse from a tension pneumothorax or inadequate ventilation due to a resultant bronchopleural fistula (1) (2) (3) 11) .
Inhalational and intravenous anesthetic agents have been used for the induction and maintenance of anesthesia in emphysematous patients, who are candidates for lung volume reduction surgery (LVRS). To achieve the goal of early tracheal extubation, short-acting hypnotics should be used (1) .
Most reviews and reports are related to anesthesia management and ventilation during LVRS. The anesthetic considerations for patients with bullae are to prevent rupture and pneumothorax. It is best not to place a prophylactic chest tube because this may enter the bulla and create a fistula (12) . These patients could be ventilated using a pressure or volume controlled mode. For the ventilation of two lungs, a tidal volume less than 9 mL/kg and for the ventilation of one lung, less than 5 ml/kg with a low respiratory rate and a inspiration to expiration ratio of 1:3 to 1:5 is advisable to keep the peak airway pressure under 15 cmH 2 O (1, 2). By applying these adjustments, awareness would not be uncommon, therefore brain function monitoring should be considered (1) . Nitrous oxide should be avoided in patients with blebs or bullae (1, 3) .
In our case, the duration of surgery was 45 minutes, which is suitable for short-term preservation of spontaneous ventilation. It is important to note that in surgeries with longer duration, maintenance of spontaneous ventilation and appropriate depth of anesthesia at the same time might be difficult. One good option is using Sevoflurane.
In conclusion, patients with bilateral bullae could be managed with spontaneous ventilation; one of the choices is inhalational induction and maintenance with Sevoflurane. Lung bullae could be complicated by sudden rupture and development of a tension pneumothorax. Issues related to lung bullae that could arise should be reviewed beforehand.
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